The Eco-MCPS database is a web-based database system that includes environment-friendly materials, components, products, and services. The text data stored in the Eco-MCPS was analyzed by text-mining showed that eco-product environmental performances are realized by the use of environment-friendly components or materials. The access log of Eco-MCPS was subjected to data mining, and the association analysis suggested that there are item relations formed by the user interest. Based in these results, it is suggested that the enhancement of collaboration between manufacturers and material or component suppliers improves the development of environment-friendly products and provides the "suggesting function", thereby promoting this collaboration.
INTRODUCTION
"Eco-M.C.P.S." database (simply, Eco-MCPS) is a web-based database system which includes environment-friendly (environmentally conscious) materials, components, products, and services, constructed by the database subcommittee of Ecomaterial Forum on September 2006 [1] . Each item is categorized and can be searched with free keywords such as "RoHS" and three individual categories (see Fig.  1 ). The three categories are "Product categories (Number 1) ", "Key categories (Number 2)", and "Environmental categories (Number 3)". The product categories are based on the level of product assembly and service, like "Eco-material" (the term "Eco-material" was named by Prof. Ryoichi Yamamoto in 1991 after "Environmentally COnscious Material"), "Eco-components", "Eco-products", and "Eco-services".
The key categories are based on the application of items, like "Domestic appliances", "Office Automation / Information Technology devices", "Automobiles", "Office furniture", "Textile", "Household goods", "Architecture", "Industrial machines". The environmental categories focus on three parts. First part refers to the environment problems that the item applies, like global warming, or waste treatment. Second part is related to environment-friendly feature, like energy efficiency, or easy-to-recycle. The third part shows the life cycle stage to which the product is related, like in-production, or in-use. Each item also has text data that explains the item feature.
It has been reported [2] that the general interest to the environmental issues can be effectively studied by analyzing the access log of Eco-MCPS using a data mining technique.
The present study aims to analyze the social consciousness on environment-friendly products from two points of view. First, the environment-friendly features of the items stored in the Eco-MCPS were analyzed with text-mining method to describe the trend of manufacturers' interests. Second, access log of Eco-MCPS users was also analyzed with data-mining method to explain the user interests.
METHOD

Eco-MCPS Web database
The database is freely accessible by the internet at URL http://eco-mcpsdb.sntt.or.jp/index.php. Eco-MCPS includes product data not only for Eco-Materials, but also for environment-conscious Components, Products, and Services using the Materials (which are referred to as Eco-M, Eco-C, Eco-P, and Eco-S, hereafter). The Ecomaterial Forum database subcommittee have discussed the basic concept of the database, and have decided to make it open to public. For the data acquisition, paper-based enquiries were made to companies. The enquiry paper consisted of two parts: description of the product (Eco-M, Eco-C, Eco-P, or Eco-S) and the categories of the product (concerning the environmental impact reduction, the environmental performance, and the distinguished life cycle stage) were asked in the first part, and the vector(s) that characterize the product as an ecomaterial was/were asked in the second part. As a result, about 800 replies were obtained for the first part. The database first contained 198 facts for Eco-M, 136 facts for Eco-C, and 466 facts for Eco-P. Concerning the life cycle of the product, six stages as follows were set: (C-1) extraction, (C-2) material and parts preparation, (C-3) product design, (C-4) production, (C-5) product use/maintenance/repair, and (C-6) waste.
Transaction of the Materials Research Society of
In the Key categories, some products are related to each other by providing "keys"; for instance, if cell phone is categorized as OA/IT equipment, and if the eco-material used for the casing is a bio-polymer usable for other components such as computers, this product is linked to "housing".
Fig. 1 Top page of Eco-MCPS and data categories
Analysis of item feature
In the Eco-MCPS, each item has two Japanese text data: the profile and the comment (see Fig. 2 ). The profile text is a short phrase to explain the item's feature. The comment text is a detailed explanation of the item.
Text Mining [3] was applied to these text data, more specifically, the text data were imported in Text Mining Studio (Mathematical Systems, Inc.), which is a package program for text-mining, and were subjected to word-frequency analysis. In the analysis, the original text data was re-written depending on the parse by leaving spaces among the words, and the words were subjected to morphological analysis. Thus, frequently used words were searched and checked to see at which situation they were used.
Fig. 2 Profile and comment in each items page
Analysis of access log
The Eco-MCPS system logs every user access under anonymity. The logged data are following: (1) log id, (2) user id, (3) view page, (4) date, (5) IP, (6) domain (see Table I ). The access log data shows the following information. When a log record has "list.php?category=A1" as view page, it shows that a user visited "climate change" category in environmental categories. In the case of "product.php?id=948" as view page, a user visited an items page, having the id number 948. If these two log records have same user id, it shows the user visited climate change category and then items page, which shows "energy saving solution of buildings". The association analysis finds such information and the Visual Mining Studio helps doing association analysis.
The Visual Mining Studio (Mathematical Systems, Inc.), which is a package program for data-mining, accessed access log stored in the Microsoft Access and the thus stored data was analyzed with association analysis that finds association rules among items.
In the association analysis, the access log is assumed to contain a set I of k items, i.e., I={i 1 , i 2 , ....i k }, and a transaction to the Web database T, is a set of items, T ⊆ I. The Eco-MCPS database (D) can therefore be regarded as a set of transactions. Association rule is
Whether the association rule is strong or not can be judged by a support, a confidence, and a lift. Let us denote the frequency of appearance of an item set, A, as support_count (A), then, the support, the confidence, and the lift are defined as follows.
• support(A⇒B) ≡ P(A∪B)
represents the probability of X, and D is the frequency of the database. A strong association rule is supported by high support, confidence, and lift. In this case, the support was over 0.5%, the confidence was over 50, and the lift was over 5.
RESULTS AND DISSCUTION
The following three results were obtained by applying mining analyses to Eco-MCPS.
Frequency analysis of data items
"Eco-products" was the most frequently appeared product category. In the environmental categories, "climate change" (the environment load group), "energy saving" (the environmental performance group), "use/repair" (the life cycle stage group) were found the most commonly (see Fig. 3 ). It was shown that "environment-friendly" features of eco-products were provided by using the environment-friendly components or materials. As a result, "energy saving" and "resource saving" were shown to be the most prevailed synonyms for "environment-friendly".
Data-mining analysis of access log
The results are summarized in the network diagram (see Fig. 4 ). The diagram reads, for example, that the database users are interested in natural materials and that the items having tight relation with each other are shown in the dark gray field.
By taking the results into account, it was confirmed that the term "environment-friendly" in Japan assumes "energy saving" and "resource saving", and that sustainable technologies are realized by the eco-products implemented by eco-components and eco-materials. The Web-database, Eco-MCPS, is a tool for assessing public interest on eco-products and therefore provides a "suggesting function", which suggests related items to users when users view a product page, to enhance collaboration opportunities for material and assembly manufacturers. 
CONCLUSION
In conclusion, "environment-friendly" indicates energy saving, resource saving and use of some environment-friendly materials or components. It suggests that the collaboration between manufacturers and material or component suppliers may improve environment-friendly products, and that the goal of Eco-MCPS, being field of that collaboration, is the correct direction. The result of association analysis also suggests that there ARE relations between some products and materials or components and "suggesting function" will help collaboration.
